In this paper, the extremely low frequency magnetic field produced by the tablet computers is explored. The measurement of the tablet computers' magnetic field is performed by using a measuring geometry previously proposed for the laptop computers. The experiment is conducted on five Android tablet computers. The measured values of the magnetic field are compared to the widely accepted TCO safety standard. Then, the results are classified by the Self-Organizing Map method in order to create different levels of safety or danger concerning the magnetic field to which tablet computer users are exposed. Furthermore, a brief comparison of the obtained magnetic field levels with the ones from typical laptops is performed. At the end, a practical suggestion on how to avoid the high exposure to the low frequency magnetic field emitted by the tablet computers is given.
INTRODUCTION
The artificial magnetic field is a byproduct of the electric current, which flows through electrical or electronic devices. Accordingly, the magnetic field is present everywhere in our environment. It is characterized by its frequency. The time varying magnetic field produced by electrical gadgets contains an Extremely Low Frequency (ELF) component. The ELF magnetic field typically includes frequencies from 30 Hz to 300 Hz. The magnetic field is strong if it is close to the emitter. Also, it rapidly decreases in the case of extremely low frequencies if we are getting away from the source. It is worth noting that some materials can block or rapidly decrease the level of magnetic field spreading.
A magnetic field with different frequencies can interact with the human body creating internal currents [1] . Although it is not destructive as the ionizing radiation, such as gamma or x-rays, it has some potential negative effects on humans. At extremely low frequencies, the levels of induced currents inside the body are too small to produce meaningful effects. However, such magnetic field induces currents within the human body, which can be sufficient to produce a variable effect on humans during long work. Also, there is no doubt that a short-term exposure to very high levels of magnetic field can be harmful to the human health. The current public concern focuses on possible long-term health effects caused by an exposure to magnetic fields at levels below those required to trigger acute biological responses. Up until now, the extensive research in many studies, which have been conducted in the area of the ELF magnetic field, has not given a clear answer on how it is harmful to human health. With more and more available research expertise, it has become increasingly likely that an exposure to magnetic fields determines serious health hazards. Nevertheless, some uncertainties remain. The original scientific discussion about the interpretation of controversial results has shifted to become a societal as well as an economic issue.
International safety standards concerning the magnetic fields have been developed to establish the level of exposure to the magnetic field which is not harmful to the human health. Accordingly, the standards for low frequency magnetic fields ensure that induced electric currents are below the normal level of background currents within the body. During the measurement of low frequency magnetic fields, the magnetic flux density has been characterized in terms of field amplitude and WP index [2] , [3] , that implement the weighted peak approach, well-suited in the case of complex waveforms. The security limits for exposure to a magnetic field are different according to different authors: 0.2 µT [4] , 0.4 µT [5] , and 1 µT [6] . Also, an exposure to 1 µT of magnetic field reduces the total sleep time as well as sleep efficiency [6] . The widely accepted TCO standard proposes the following: (i) a prescribed geometry for the measurement of the magnetic field (measured at 0.30 m in front of and around the emitter) and (ii) a test procedure with reference values of the magnetic DOI: 10.1515/msr-2018-0014 flux density in the frequency region between 5 Hz and 2 kHz [7] .
A tablet computer, tablet for short, represents a mobile computer, which includes a touchscreen display, circuitry, and battery. Also, it is equipped with sensors, cameras, a microphone, and an accelerometer. The touchscreen display typically uses finger recognition to replace the mouse and keyboard. The keyboard is given as a pop-up virtual keyboard which is used for typing. The tablet can also include some physical buttons. They are used for basic features such as speaker volume and power, and ports for network communications and battery charging. The tablet is usually characterized by screen size. It is supposed that the tablets incorporate a screen from 7" to 10" wide.
In this paper, we pay special attention to the ELF magnetic field produced by the tablets. Hence, an experiment is conducted in order to measure, evaluate, and classify the ELF magnetic field to which the users are exposed. Accordingly, the high frequency magnetic field from the tablets' components like WIFI, 3G/4G or similar is out of the scope of this paper. To the best of our knowledge, this is one of the first studies that analyze this problem. It has great importance because of the wide-spreading of the tablets among the younger population. It is worth noting that the experiment is conducted on typical tablets. It means that we tested 5 tablets with screens from 7" to 10" wide, working in the "normal" operating condition. This condition means that the tablets are only used for Internet browsing. The tested tablets operate under the most widely spread tablet operating system, i.e. Android. In this way, we test the tablets in similar or the same conditions. The tablets are usually made of gorilla glass material at their top, and of plastic material at their bottom. At the end, we make the assumption that the users' hands are in close contact with the touch area as well as its back. Hence, we accustom the measuring geometry to this way of using the tablets.
The rest of the paper is organized as follows. Section 2 describes the elements of the measuring method, the measuring equipment, the proposed measuring geometry, and the experiment. Section 3 gives the results of the measured ELF magnetic field. Section 4 explains the classification technique, which will be used for the classification of the obtained measurement results. Section 5 presents the classification of the measurement results in order to establish the dangerous and safe levels of the magnetic field. At the end, Section 6 draws the conclusions.
METHODS AND MATERIALS

Magnetic fields
In the normal operating condition, the inner components of the tablet are supplied by a current I. In this way, the current I flows through these electronic or electrical components inducing a magnetic field. This magnetic field is registered and measured by measuring devices. Usually, these devices register the scalar components of the magnetic induction: Bx, By, and Bz as well as the Root Mean Square (RMS) of the magnetic induction B, which is calculated as:
(1)
Measuring devices
The magnetic field measurement is performed by the measuring device Lutron EMF-828 with separate probe, which includes the sensing head as well as the spectrum analyzer AARONIA NF-5030. Lutron EMF-828 measures the scalar components of the magnetic induction Bx, By, and Bz in the range between 0.01 µT and 2 mT. It is measured in the ELF range, i.e. between 30 and 300 Hz. The device has three measurement extents: 20 µT, 200 µT, and 2 mT. The precision of the measurement is of the order of 0.01 µT for the measurement extent of 20 µT, 0.1 µT for the measurement extent of 200 µT, and 1 µT for the measurement extent of 2 mT. Also, the measurement is confirmed by the measuring device AARONIA NF-5030. This device registers the minimum, maximum, average, and RMS magnetic induction in the range between 1 pT and 2 mT. It covers the full ELF range between 1 Hz and 30 MHz. It has six predefined measurement extents in the given frequency range. However, each user can adjust the measuring device in order to register the magnetic field amplitude in a customdefined frequency measurement range.
The measuring geometry
The method consists of measuring the ELF magnetic field produced by the tablet computers. The measuring geometry consists of 22 measurement points on the surface of and around the tablet. It is an integration of the previously proposed measuring geometry for portable computers [8] , [9] and an improvement of the measuring geometry proposed in the TCO standard [7] . The magnetic field is measured: (i) at nine different positions at the tablet touchscreen at the top, (ii) at nine different positions at the bottom of the tablet, and (iii) at four positions around the tablet (30 cm away from the edge of the tablet). This measuring geometry is chosen as a considerable extension to the TCO proposed measuring geometry [7] . We have strong reasons to accept the new proposed measuring geometry because of the typical way of using the tablet. Usually, the tablet users are in direct and constant contact with the top and the bottom part of the tablet with their fingers. Hence, the geometry proposed by TCO does not give a real condition of the exposure of the tablet users to the magnetic field. Fig. 1 shows the measuring positions at the top and bottom of the tablet computer.
Experiment
The experiment was conducted on 5 different tablet computers. All tablets use the Android operating system. The tablets are tested in their typical working condition, i.e. during Internet browsing. The magnetic field is measured ten times at the measuring positions: (i) at the top: tbmp1 ... tbmp9 (top body measurement point -tbmp), (ii) at the bottom: bbmp1 ... bbmp9 (bottom body measurement point -bbmp) [8] , [9] , and (iii) at four measuring positions away from the edge of the tablet (t1,b1,l1,r1). The average values of the measurement are used as reference. Hence, we measure the magnetic field of the tablets at no distance from the touchscreen display or its bottom. We make this assumption taking into account the typical use of the tablet where the users' fingers are positioned on its top and/or bottom parts all the time. Fig. 2 shows a typical way of using a tablet. 
MEASUREMENT RESULTS
At the four measuring positions away from the edge of the tablet (t1,b1,l1,r1), the obtained magnetic field was below 0.02 µT. It can be considered as a background magnetic field. Hence, it is negligible. The measurement results of the magnetic field for all tablets Tj where j=1,...,5 are given in Fig. 3 .
Each area is characterised by a number representing the value of the emitted magnetic field in µT. As a thresholding (dangerous) level, we used the proposed TCO reference level of 0.2 µT. Table 1 shows the values of ELF magnetic field that are emitted by the top and bottom parts of the tablets in the minmax manner. From Table 1 (see max. values), we can see that all tablets have some dangerous areas, which emit a magnetic field value above the safety reference level. Also, 3 out of 5 tablets have dangerous values on both sides, i.e. at the top as well as bottom. Also, it is worth noting that the left and right side areas are the most exposed to the tablet users due to the typical way of using them. Fig. 3 . Magnetic field measurement results given in µT: (a) measured values at the top areas of the tablets (touchscreen display area), (b) measured values at the bottom areas of the tablets. Colored fields represent the areas with higher magnetic field than it is allowed by the TCO standard (≥ 0.2µT ) [7] 4. SELF-ORGANIZING MAP CLASSIFICATION In our analysis, we use a one-dimensional Self-Organizing Map (SOM) [10] to classify the measured values. It was selected because of its ability to adapt to the shape of the input data in order to manage a large variety of samples, and to cluster complex data sets in acceptable time. Furthermore, the SOM usually works fine in various applications, as it correctly finds the classification of the data points. Finally, the SOM revealed its potential in discretising numerical values in different contexts [11] . All these aspects make the SOM an invaluable model to be employed in multiple domains where other methods fail to accurately classify the input data. The adopted SOM is characterised by one input neuron and 5 output neurons. Fig. 4 illustrates the applied SOM. Fig.4 . Illustration of the applied SOM structure All neurons are initialized at the center of the feature space which corresponds to all the values from the minimum (typically 0) to a maximum of the magnetic induction B. For each experiment, the inputs are all 9 measured values for the given set of tablets at one of their sides, e.g., at the top and later at the bottom parts in their typical workload. The training of the network includes changes for the weights and bias by following the learning rules with incremental updates after each presentation of an input [12] : In the next stage, which is the simulation of the network for every tablet at the given mode and side, all induction values are independently passed one by one through the input. Inside the SOM, the closest neuron is found for them by calculating the Euclidean distance to all 5 weights and selecting the minimal from them. A number from 1 to 5 is generated at the output denoting the associated class which the current test sample belongs to. Thus, the classification process takes place. magnetic field levels obtained by the classification into the measuring positions, then we can build a map of ELF magnetic field dangerousness levels. This map is shown in Fig. 6 .
The ELF magnetic field levels are given in Table 2 . The inputs are presented in random order for 1000 epochs in each simulation. Every training sample causes changes in the position of the nearest neuron, the most in accordance to the update value -an increment by which the neuron is moved towards the current position of the input. The Euclidean distance is used here as a measure [12] : / From Table 2 , we can see that the top part of the tablet emits two dangerous levels of ELF magnetic field, which are L1 and L2, and three safe levels of ELF magnetic field, which are L3, L4, and L5. The highest peak is 0.86 µT, which is much higher than the safety reference limit of 0.2 µT [7] .
From Fig. 5 , we can observe that 40-60% of the top positions in most of the tablets emit Highly Dangerous and Dangerous levels or a Middle Safe level, which is a borderline level of values just below or equal to the safety reference limit of 0.2 µT.
From the top dangerousness maps of Fig. 6 , we can notice that the Highly Dangerous, Dangerous, and Middle Safe levels mostly cover the areas where CPU and RAM are located. It can be observed in T4, where the Highly Dangerous and Middle Safe levels of ELF magnetic field are obtained in correspondence with the RAM, followed by the CPU, with values of 0.86 µT, 0.2 µT and 0.13 µT, respectively. Also, in T5 the RAM and CPU emit a Dangerous level, with values of 0.31 µT and 0.23 µT, respectively. Also, in T1 the highest peak of ELF magnetic field is obtained in correspondence c = argmini||x −wi|| = argmini (x 0 − w i0 ) 2 + · · · + (x k − w ik ) 2 , with the CPU, emitting a Middle Safe level with a value of (3) where x and wi are one-dimensional for this particular realization. All other neurons change their position in a lighter degree. After reaching the end of the last epoch, the training is finished and the position of all neurons along the B axis gives the cluster centroids. This is the final step of the clustering process. reference limit of 0.2 µT. The highest peak of ELF magnetic field is 0.96 µT, which is noticeably higher than the safety reference limit of 0.2 µT. From the bottom maps in Fig. 8 , it is confirmed that the positions emitting the highest dangerous levels are mostly associated with the RAM and CPU. It indicates that these components not only have an influence on the top part, but also on the bottom part of the tablet. On the contrary, it is interesting to observe that the battery has only an influence in ELF magnetic field emission on the bottom part of the tablet, because of its disposition in the tablet case. In particular, in T4 the position where the CPU is located emits a Highly Dangerous level, with a value of 0. dangerousness maps of the ELF magnetic field levels given in Fig. 8 .
The ELF magnetic field levels are given in Table 3 . From Table 3 , we can realize that the bottom part of the tablet emits three dangerous levels of ELF magnetic field, i.e. L1, L2, and L3, and only two safe levels of ELF magnetic field, i.e. L4 and L5. L3 is a borderline level, because it includes some values which are just below the safety reference limit of 0.2 µT [7] . However, it is considered as a dangerous level, because most of the included values are above the RAM, and battery. In particular, in T2 the highest peak of ELF magnetic field is reached at the Highly Dangerous level, with a value of 0.86 µT. In T3, the highest peak is obtained at the Middle Dangerous level, with a value of 0.51 µT. In both cases, this peak is much higher than the safety reference limit of 0.2 µT.
A comparison between the top and the bottom ELF magnetic field levels shows that the bottom part emits higher dangerous levels than the top part. It is clearly visible from Tables 2 and 3. In fact, Highly Dangerous level is higher for the bottom part than for the top part of the tablet. Also, Middle Dangerous level is detected as a bottom range, but not detected as a top range. Dangerous level is very similar for the top and bottom parts. However, it is worth noting that the bottom part of the tablet adds a dangerous level (Middle Dangerous) which is not emitted at the top part of the tablet. On the contrary, Middle Safe level is emitted by the top part of the tablet (see Table 2 ), but it is not found at the bottom part of the tablet (see Table 3 ). Hence, a safe level is emitted at the top part, but not emitted at the bottom part. On the other hand, it is worth noting from Fig. 5 that most of the tablets have 40-60% of top positions with dangerous levels of ELF magnetic field. It is different from Fig. 7 where only 2 out of 5 tablets have 50-60% of bottom positions with dangerous levels. Nonetheless, in the last case, the ELF magnetic field value associated with these bottom positions is much higher than the value of the first case associated to the top positions.
From the aforementioned results, it is worth noting that the tablets do not emit the same level of measured magnetic field, which is emitted by the laptops [1] , [8] , [9] , [13] . However, their intensity is still above the safety reference level proposed by TCO. To have a fair comparison between the tablets' and laptops' ELF magnetic field emission, we only have to compare the emitted magnetic field of the battery powered devices. In these conditions, the laptops emit an ELF magnetic field between 0.2 µT and 4.5 µT at the top body (case) parts and between 0.2 µT and 3.5 µT at the bottom body parts [8] . On the contrary, the tablets emit an ELF magnetic field at the top body parts between 0.02 µT and 0.86 µT and at the bottom body parts between 0.01 µT and 0.96 µT.
Also, the comparison between tablets and laptops should take into account that the tablets have much less processing power than the laptops. Furthermore, they typically work as battery powered devices. Hence, an objective comparison can be only established with laptops working in battery mode. Also, it is worth noting that the tablets emit a higher level of magnetic field at their bottom parts compared to their top parts. This result is similar to the laptops. However, the reasons for such ELF magnetic field emission are different in laptops and tablets. The primary reason for a higher ELF magnetic field at their bottom parts are battery, CPU, and RAM memory. Furthermore, it can be assumed that the gorilla glass as a material has a lower magnetic field permeability than the plastic one. Hence, the top of the tablets is much more resistant to the magnetic field spreading than the bottom of the tablets. It is very important for a safe use of the tablets, because they are held in the users' hands. Consequently, some precautions are necessary during the tablets use. The most important suggestion is to keep a safe distance of 30 cm for usage. In fact, visually impaired people may tend to read text close to their eyes. This also happens with children that usually play games on tablets. Of course, this has a relation with the magnetic field decay around the tablet.
CONCLUSIONS
The proposed study represents one of the first measurement experiments linked with the ELF magnetic field to which the tablet users are exposed. It is very important, because the tablets are very popular and spread in the younger population. Hence, the real determination of the tablets' emitted ELF magnetic field is invaluable for their users as well as for designers of the tablets. Furthermore, the measured magnetic field values were compared to the widely accepted safety standard, i.e. TCO. The results of the study showed that the level of magnetic field is typically above the safety limits. Hence, some precautions during the work with the tablets are necessary. Accordingly, an important suggestion for the safe use of the tablets was proposed.
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